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Abstract

Tillage is one of the most important field operations in agriculture. For this operation, it is essential to determine suitable
working conditions. According to the results of researches on tillage, this operation is always associated with high energy
consumption. For this reason, it is necessary to choose the appropriate forward speed and plowing depth of tillage tools
in terms of optimal energy consumption. In this research, by using the management method TOPSIS, the appropriate
speed-advancement and plowing depth have been investigated according to the parameters of energy consumption. In this
research, three types of primary tillage machines (Moldboard plow, disc plow and chisel plow) at 3 different forward
speeds (3, 4.5, 6 km/h) and different depths (15, 20 and 25 cm) was selected and performed in loamy clay soil with a
moisture content of 7%. The parameters of energy consumption include drawbar power (kW), fuel consumption (I.hal),
traction efficiency (%) and energy efficiency (OEE) (%), mechanization capacity (kwW.h.ha*) and specific traction (kN.m-
1) was measured. The results showed that for the moldboard plow and disc plow 4.5 km/h forward speed and 25 cm depth
and for the chisel plow, 6 km/h forward speed and 15 cm depth were the best conditions in terms of energy consumption.
In most of different working speeds and depths, chisel plow was advantageous in terms of energy consumption, compared
to disc plow and Moldboard plow, according to TOPSIS analyses.
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Fig 1. The fuel gauge connected to the tractor

(1. The valve connected to the tractor fuel tank, 2. The
valve connected to the injector)
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Table 1. The measured parameters at a depth of 15 cm

Ol 5180 23 B

S5 SS el EASeil sl ol S g 3 e o5 S §9 iy L
Overall ) Traction ) Power ) Capacity ) Fuel ) (kN._m_'l) Forward ) Sl gl
Efficiency  (Efficiency (Drawbar (Mechanization (Consumption Specific) (Speed (Implements)
(%) Energy (%) (kw) (KWh.ha' (1Y) (Draught km.h)
0.158 0.683 7.524 22.8 4.7 7.04 3 Sl 8 e T8
0.276 0.718 13.26 39.12 4.65 8.668 4.5 A)
Moldboard )
0.446 0.738 21.56 54.22 4.58 10.648 6
(Plow
0.165 0.711 6.504 13.15 3.74 4.54 3
Gy T8
0.293 0.754 11.37 22.18 3.69 5.808 4.5 < 'BJA ’
B)
0.467 0.742 18.39 32.27 3.63 7.18 6 (Disk Plow)
0.151 0.66 3.93 4.84 244 2 3 o
drzr o158
0.291 0.71 7.78 8.5 241 2.72 4.5 ©)
0.431 0.733 13.42 10.64 2.36 3.28 6 (Chisel Plow)
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Table 2. The measured parameters at a depth of 20 cm

S5 S ek SaS el sadb ol O gl 5586 3 b L g B e ony SHiS L
Overall ) Traction ) Power ) Capacity ) Fuel ) (KN.m) S5 i
Efficiency  (Efficiency (Drawbar (Mechanization yConsumption Specific) Forward ) -
(Energy ) (kW) (KWh.ha (L.h) (Draught Speed (Implements)
() (km.h'h
0.158 0.627 10.94 38.65 6.54 10.12 3 Sls 8 T
0.255 0.692 17.82 62.1 6.48 11.924 45 Moldboard )
(Plow
0.386 0.669 26.93 91.25 6.42 14.08 6
A)
0.137 0.713 7.88 24.95 5.39 7.18 3 o
0.23 0.719 13.39 38.5 5.32 7.92 45 (Disk Plow)
0.462 0.722 27.33 56.83 5.24 9.1 6
0.138 0.673 5.22 10.27 3.53 2.86 3 ©) Jj &»T)tf
0.245 0.703 9.196 17.71 3.49 3.77 45 (Chisel Plow)
0.421 0.729 15.81 20.64 3.46 4.45 6
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Table 3. The measured parameters at a depth of 25 cm
el S el olg Ol 8 23 B LS g 3y o529 S e
&5 Traction ) RN Capacity ) Fuel ) (kN._m_'l) 63y
Overall )  Efficiency  Power) (Mechanization )Consumption Specific) o owvard) Sl
Efficienc '( Drawbar KWh.ha') (LhD) (Draught (Speed (Implements)
(y Energy ()] ( (km.h'h)
W) (kW)
0.141 0.578 13.02 55.36 8.65 13.288 3 Slwls 5 yT;\f
0.223 0604  20.31 82.43 8.6 14.388 45  Moldboard)
(Plow
0.391 0.627 36.17 122.22 8.55 17.6 6
A)
0.116 0.723 9.68 31.93 7.84 8.36 3
0.189 0.726 15.88 50.11 7.8 9.62 45
0396 0714  33.205 74.14 7.75 11.44 g  (DiskPlow
0.137 0.678 6.64 14.92 4.64 3.68 3 ©) Jjr aTs€
0.27 0.718 13.42 26.88 461 4.69 45 Chisel Plow)

0.443 0.74 22.04 33.89 4.58 5.63 6
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Table 3. Variance analysis of the effect of plowing depth and forward speed on the measured characteristics of primary

tillage tools
S 023k sl Ol g O gl 55180 28 B g 3 pun o5 iiS S9r C y
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() (kw) (kWh.ha'™) (L.h) (Draught km.h'h) :
2.821 4.24* 6.37 7.23 0.410° 0.309° 2 (repetition), s
Siy9S Slgol
8.26" 1159.958™ 300.8 562.03 486.635™ 457.435™ 2 Implements )
A) (Tillage
4.57 1.181 7.53 6.81 0.392 0.291 4 A s
9y S
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(B)Speed
23.55™ 4.218™ 17.38 32.42 100.43™ 97.43™ 4 AXB
120.19™ 396.491™ 98.91 960.2 463" 3.23" 4 Deep)
(C)(Tillage
7.57" 8.957" 3.39 7.85 10.32" 8.23" 4 BXxC
29.54™ 1.851" 93.34 106.01 0.865" 0.579™ 4 AXC
8.53" 0.309™ 3.93 4.55 0.631™ 0.585™ 8 AXBXC
0.346 1.23 1.08 0.09 0.07 48 (Error) oozl
80 (totaly Js
o) CV
4o 163 400198 a0 159 2oy 6.89 2o, 4.5 2oy 3.67
(&l sy
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